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© A lead frame and a process for fabricating a packaged device containing the lead frame. 



@ A lead frame (110) wflh a plurality of device 
supports (120) is disclosed. The lead frame 
defines a cavity. The plurality of supports (120) 
extend from the lead frame (110) Into the cavity 
defined by the lead frame (110). The supports 
(120) do not contact each other within the 
confines of the cavity. The supports (120) are 
not attached to the perimeter of the lead frame 
cavity at more than two points. A device (100) Is 
affixed to the supports (120) and wire bonded 
(145) to the wire leads (140) of the lead frame 
(110) using conventional techniques. The 
plurality of device supports (120), because of 
their orientation and their small size relative to 
the size of the devices (100) which are mounted 
thereon, offer processing advantages that pro- 
vide a better protected, packaged device and, If 
desired, the capability of producing smaller 
packaged devices. 
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Technical Field 

The invention is directed to a lead frame and a 
process for packaging a device into a package with 
She lead frame. The invention is also directed to pack- 
aged devices. 

Art Background 

Devices such as diodes and integrated circuits 
are components which are incorporated into larger 
systems. Since the systems cannot perform their in- 
tended functions unless the devices incorporated 
therein are functioning properly, it is important that 
the devices be protected from conditions which could 
damage them or otherwise adversely affect their per- 
formance. The devices are therefore typically pack- 
aged after they are fabricated to protect them before, 
while, and after. they are incorporated into these larg- 
er systems. The package is a protective material, typ- 
ically a plastic or ceramic material, surrounding the 
device. The package shields the device therein from 
contact with other devices during handling, and pro- 
tects the device from the surrounding environment 

Prior to packaging, the device is provided with 
electrical leads that permit the device to be electrical- 
ly connected to the system, or other subassemblies 
within the larger system. One way in which a device 
is equipped with electrical leads is by affixing the de- 
vice to a iead frame. A lead frame is a supporting 
structure containing a mounting pad for the device 
and a pattern of fingers or leads that Is formed by 
etching or stamping a sheet of metal (typically copper 
or Iron-nickel alloy). An example of a lead frame 10 Is 
depicted in FIG. 1. The device 20, an integrated cir- 
cuit. Is affixed to the lead frame 10 by placing the in- 
tegrated circuit 20 on a support such as the mounting 
pad 30 with a suitable adhesive. The integrated circuit 
is then electrically connected to the lead frame 10 by 
a technique such as wire bonding, In which the inte- 
. grated circuit contacts (not shown) are connected to 
the lead frame fingers or leads 40 with thin wires of 
gold or aluminum. The mounting pad 30 supports the 
integrated circuit during the packaging process. All 
connections 45 from the lead frame 10 to the mount- 
ing pad 30 are severed after packaging. 

A common way to package the device is to encap- 
sulate it in plastic using a molding process. To mold 
the package, the lead frame 10 with the integrated cir- 
cuit 20 mounted thereon is placed in a mold. The lead 
frame leads 40 extend from the mold. Amolding com- 
pound Is then transferred into the mold and the device 
is encapsulated in the molding compound. The sup- 
porting frame of the lead frame Is trimmed from the 
package by severing the connections 45, thereby 
electrically Isolating the leads projecting from the 
package. The resulting package is an integrated cir- 
cuit encapsulated in a molding compound with numer- 



ous leads projecting'from the package. The leads are 
then electrically connected to external circuitry to in- 
corporate the Integrated circuit into a larger system. 
Systems, such as consumer electronics, into 

5 which integrated circuits are frequently incorporated, 
are getting smaller. The size of the packages in which 
these integrated circuits are placed is also being re- 
duced so that they will take up less apace in these 
smaller systems.. Decreasing the package size pres- 
to ent3 several processing difficulties, however. First, 
the thickness of (he molding compound above and be- 
low the device is frequently equalized to avoid sub- 
jecting the device to stresses caused by the different 
coefficients of thermal expansion of me device, the 

is lead frame, and the molding compound. This requires 
the device to be centered in the mold cavity as the 
package is formed. Typically; the lead frame is cen- 
tered In the mold cavity because the lead frame leads 
protrude from the mold cavity at the union of the top 

20 and bottom halves of the mold cavity. Clearly, a de- 
vice that rests entirely on one side of the lead frame 
will be off-center In a mold cavity In which the lead 
frame is centered. Therefore, the lead frame config- 
uration depicted in FIG. 1 impedes centering the de- 

25 vice In the mold cavity and, ultimately, the package. 
Although the connections 45 in the lead frame 10 are 
bent downward at times, the problems enumerated 
herein that are associated with this lead frame con- 
figuration are not entirely avoided. 

30 Placing the device in the center of the package Is 

further complicated by the process in which the de- 
vice is wire bonded to the lead frame. After the device 
is affixed to the lead frame mounting pad, the leads 
of the lead frame are wire bonded to the bonding pads 

35 on the device. Because of the way in which the wire 
bonding process is automated, some slack must be 
provided In the wires. This slack, typically referred to 
as wire loop, causes the wires to extend about 100 to 
200 microns above the device. The' wire loops are 

40 also encapsulated in molding compound during de- 
vice packaging. Therefore, the package must be suf- 
ficiently thick to accommodate the wires. As the need 
for thinner packages Increases, it is necessary to re- 
duce the thickness of other components in the pack- 

45 age in order to package the wire loops and achieve 
the objective of a thinner package with the device 
substantially centered therein. 

Also, as the thickness of the package decreases, 
there are greater Impediments to the uniform dlstrib- 

60 ution of the molding compound around the device dur- 
ing the packaging process If the device and the asso- 
ciated lead frame mounting pad are not approximate- 
ly centered In the mold cavity. If the device is dosk 
tioned in the mold cavity such that it Is substantially 

66 closer to the mold cavity wall at some points than it 
is at others, flow paths of unequal size will be formed. 
For example, if the device is substantially closer to the 
top wall of the molding cavity than the bottom cavity 
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wall, the flow of the molding compound In the mofdlng 
cavity will be uneven. Jf there is a substantial differ- 
ence in the size of these flow paths, an uneven dis- 
tribution of the molding compound in the mold will re- 
sult This uneven distribution , causes additional 6 
stress on the device In the package, and may also 
cause cracks, fissures, and gaps In the package It- 
self, making the device more susceptible to damage. 
A lead frame and a process for packaging a device 
that avoids these problems, yet can be adapted to w 
current process technology, Is therefore desired. 

Summary of the Invention 

A lead frame that has a plurality of smaJI supports 16 
for a device instead of one relatively large mounting' 
pad is disclosed. The supports extend into a cavity 
provided in a lead frame. Each support connects to 
the lead frame at no more than two points on the peri- 
meter of the lead frame cavity and the supports are 20 
non-continuous In the lead frame cavity. The sup- 
ports are configured such that the lead frame and a 
portion of the device resting on the supports are in the 
same plane. It is advantageous if the supports are 
forged or otherwise reduced In thickness before the 28 
device is placed thereon. The thickness of the sup- 
ports is about eighty percent of the thickness of the 
lead frame. Certain advantages are provided If the 
thickness of the supports Is reduced to about twenty 
percent of the thickness of the lead frame. 30 

The device is affixed to the supports and wire 
bonded to the lead frame using conventional technol- 
ogy. Each of the supports has a surface area that is 
substantially smaller than the device it supports. The 
supports also have substantially less surface area 35 
than a single mounting pad of a conventional design. 
Thermornechanfcal stresses caused by heating or 
cooling of the package are reduced lii such a package 
because the surface area of the supports Is substan- 
tially less than the surface area of the single mounting aq 
pad. Such thermomechanical stresses result be- 
cause the coefficient of thermal expansion of the 
frame Is significantly different than the coefficient of 
thermal expansion of the chip. 

When a package is formed around the device that 45 
is mounted on the lead frame, the supports do not sig- 
nificantly Interfere with the uniform flow of molding 
compound around the device and thus the difficulties 
associated with non-uniform flow of molding com- 
pound around the device are avoided. By providing so 
fewer impediments than a single mounting pad to the 
even distribution of the molding compound around 
the device, the supports also prevent excessive ther- 
momechanical stress on the device that would be 
caused by the expansion or contraction of unequal 55 
thicknesses of molding compound around the device. 

The present invention is also embodied by a 
packaged device. A device such as a diode or an in- 
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fegrated circuit is packaged with a lead frame as pre- 
viously described. It is advantageous If the thickness 
of the package is about 0.6 mm or less. 

Brief Description of the Drawings 

FIG. 1 is an illustration of a lead frame; 
FIG. 2 is an illustration of a lead frame that is an 
embodiment of the present invention; and 
FIG. 3 is a cut-away side view along line 3-3 of the 
lead frame depicted in FIG. 2 of a package that 
Is an embodiment of the present Invention; 
FIG. 4 is a cut-away side view along line 3-3 of the 
lead frame depicted In FIG. 2 In the mold prior to 
Introducing molding compound Into the mold cav- 
ity. 

FIG. 5 is an illustration of a lead frame that is an 
alternate embodiment of the present Invention; 
and 

FIG. 6 is an Illustration of a lead frame that Is an 
alternate embodiment of the present invention. 

Detailed Description 

Referring to. FIG. 2, a depicted device, an inte- 
grated circuit 100, is placed on a lead frame 110. The 
lead frame defines a cavity 125. The lead frame is 
equipped with a plurality of supports 120. These sup- 
ports 120 project from the lead frame 110 into the 
cavity 125. The supports 120 are non-continuous in 
the lead frame cavity. Non-continuous, in this con- 
text, means that, within the boundary of the cavity de- 
fined by the lead frame, the individual supports 120 
are not attached to the lead frame at more than two 
points on the perimeter of the lead frame cavity and 
the supports are not attached to each other within the 
cavity. 

The integrated circuit 100* is positioned on the 
lead frame such that it is supported by the supports 
1 20. The surface area of the supports 1 20 is substan- 
tially less than the surface area of the integrated cir- 
cuit 100. The integrated circuit 100 is affixed to the 
supports 120 by means such as a die attach adhe- 
sive. Such adhesives are known to those skilled In the 
art. 

The lead frame 1 1 0 itself is made of conventional 
metals using conventional processing techniques 
such as stamping or etching. The lead frames are 
constructed of materials such as an iron-nickel alloy 
(60/40), also known as alloy 42, and copper-rich al- 
loys, an example of which Is alloy 7025. One skilled 
in the art will appreciate that there are many metals 
from which lead frames are made. If the package is 
to have a thickness of 0.6 mm or less Jt Is advanta- 
geous If the lead frame has a thickness of 150 mi- 
crons or less. 

Referring to FIG. 3, the Integrated circuit 100 Is 
encapsulated by a molding compound 130. Typical 
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molding compounds include plastic materials. Suit- 
able molding compounds are known to those skilled 
in the art. The molding compound 130 is transferred 
in flowable form Into a mold cavity containing the de- 
vice 100 mounted on the lead frame 120. For thin 
packages, i.e., packages with a thickness of about 0.6 
mm or less, it Is advantageous if the viscosity of the 
molding compound. 130, which depends on many dif- 
ferent molding parameters . Including temperature, 
shear rate, and degree of polymerization, Is about 300 
poise or less. It Is, however, contemplated that higher 
viscosity molding compounds are also suitable, espe- 
cially when fabricating thicker packages, because tha 
lead frame Is configured to facilitate the uniform dis- 
tribution of molding compound around the Integrated 
circuit. 

An example of a suitable molding compound is 
one that contains a blphenyl epoxy base resin and ex- 
tra fine spherical filler particles with many different 
size.dlstributtons. Examples of suitable molding com- 
pounds include Sumitomo Bakellte EME-7320C, 
which is obtained commercially from Sumitomo, Ba- 
kellte Co., Ltd., and MP-7150 Imp1, which is obtained 
commercially from Nttto Denko America, Inc. 

The lead frame 11 0 is configured to facilitate the 
flow of molding compound around the lead frame dur- 
ing the packaging process. It is therefore advanta- 
geous if the individual supports 120 do not contact 
each other within the cavity defined by the lead 
frame. Also, the Individual supports are configured 
such that they will not significantly impede the flow 
of molding compound around or between them. In this 
regard, it Is advantageous if the supports do not span 
more than two sides of the cavity. Span, in this con- 
text means that the individual supports are fixed to 
the lead frame at two points on the perimeter of the 
lead frame cavity. Preferably, the supports are af- 
fixed to the lead frame at only one point on the peri- 
meter of the cavity. 

In this regard, it is also advantageous If the sup- 
ports 120 are thinner than the thickness of the lead 
frame leads 140 as depicted In FIG. 3. The supports 
120 are reduced in thickness prior to the Integrated 
circuit 100 being placed on them. Because the sup- 
port thickness Is less than the lead frame thickness, 
a portion of the integrated circuit 100 resting on the 
supports 120 is in the same plane as the lead frame 
110. The supports 120 areforged by placing them In 
a conventional forging apparatus such as a die press 
and compressing them. Forging the supports reduces 
their thickness substantially. 

Example 1: A Method for Reducing the Lead 
Frame Support Thickness 

For example, a 5 mil-thick, 6-slte lead frame was 
stamped using conventional techniques. The lead 
frame had four 30 mll-by-80 mil tabs per site. The tabs 
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were forged to a thickness of about 1 to about 1.5 
mils. Thus, the thickness of the support tabs was re- 
duced to about twenty to thfcrty percent of the lead 
frame thickness. The lead frames were made of both 

s copper alloy 7025 and iron-nickel alloy 42. A single- 
die operation was used to forge all support tabs (since 
the lead frame was an 8-site lead frame with four tabs 
per site, 32 tabs were forged simultaneously) on the 
lead frame. The lead frame was -lubricated with a light 

to oil before being forged in a 9 ton press. 

Although It is advantageous if the thickness of the 
tabs Is reduced by forging as described above, it Is 
contemplated that the thickness of the tabs Is also re- 
duced by other means such as etching. The invention 

is is not to be construed as limited to a lead frame in 
which the support thickness was reduced by a partic- 
ular means. 

' A substantial reduction in thickness In this con- 
text is a reduction of at least twenty percent relative 

20 to the thickness of the lead- frame. Therefore, the 
thickness of the supports Is about eighty percent or 
less of the lead frame thickness. It is Contemplated 
that the thickness of the supports will be reduced to 
about fifty percent of the iead frame thickness. It Is 

25 advantageous if the thickness of the supports Is re- 
duced to about twenty percent or less than the thick- 
ness of the lead frame Itself. For example, if the sup- 
ports of a 125 micron-thick lead frame are forged In 
the previously described manner, the supports will 

30 have a resulting thickness of about 100 microns or 
less. Supports of this thickness can adequately sup- 
port the device during assembly, wire bonding and 
molding. 

The integrated circuit is connected to the lead 

35 frame leads via wire bonds 145. As illustrated In FIG. 
3, the wire bonds have a loop height over the Integrat- 
ed circuit 100. This loop height la typically about 100 
microns to about 200 microns. Conventional process- 
ing techniques are used to attach the wire bonds 145 

40 to the Integrated circuit 1 00 and the lead frame leads 
140. To maintain this loop height It Is advantageous, 
but not required, that the supports 120 will be down- 
set, l;e. t lowered relative to the lead frame, before the 
integrated circuit Is placed thereon. 

45 As Illustrated In FIG. 4, the package is formed by 

placing the lead frame 110, Its leads 140, and the in- 
tegrated circuit 100 affixed thereto in a mold cavity 
150 defined by a mold 155. The dimensions of the 
mold cavity 150 are tailored to the desired thickness 

so of the package. However, since compact components 
are desired. It Is advantageous to select the dimen- 
sions of the cavity so that there is minimum clearance 
between the integrated circuit 100 and the. Interior 
wails 160 of the mold cavity. Consequently, the con- 

65 figuration of the supports 120 is selected so that it will 
not obstruct the flow of the molding compound (not 
shown) between the integrated circuit 100 and the 
cavity wall 160. The orientation of the supports 120 

4 
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is selected to be compatible with the direction in which 
the molding compound will flow in the cavity. For ex- 
ample, If the molding compound flows into the cavity 
through gate 170 in the cavity wall 160. the supports 
will be positioned so that flow in the direction perpen- 
dicular to the cavity wall 160 wili not be substantially 
obstructed. 

The lead frame is also configured so that the sup- 
port tabs are capable of being electrically isolated 
from the rest of the lead frame once the package Is 
formed. For example, as depicted In FIG. 2, the sup- 
ports 120 are affixed to the lead frame at a point that 
remains outside the package. The support tabs 120 
are severed from the lead frame 110 after the pack- 
age is formed. The support tabs are severed from the 
lead frame using conventional techniques. 

Art hough a lead frame with four small tabs 120 is 
depicted in FIG. 2, one skilled In the art will appreciate 
that other configurations will be acceptable. For ex- 
ample, four supports 175, in the corners of the cavity 
cut out 125 in the lead frame 110, are contemplated 
as useful for mounting the device. Such a configura- 
tion is illustrated In FIG. 5. Multiple thin strips 180 
which bridge two opposing sides of the cavity cut out 
125 in the lead frame 110 are also contemplated as 
useful. Such a configuration Is illustrated in FIG. 6. It 
is contemplated that, if such a support configuration 
is used, however, that the molding compound will flow 
Into the cavity in a direction substantially parallel to 
the length of the supports 180. If this relationship be- 
tween the support configuration illustrated In FIG. 6 
and the molding compound flow direction is main- 
tained, the configuration should not affect the flow of 
molding compound In a manner that Is adverse to the 
objectives of the lead frame configuration of the pres- 
ent invention. 

As stated previously, one skilled in the art will ap- 
preciate that the orientation of the supports Is select- 
ed to be compatible with the direction in which the 
molding compound flows in the mold cavity. One skil- 
led in the art will also appreciate that if ratio of the sur- 
face area of the supports 120 to the area of the inte- 
grated circuit surface supported by the supports is 
less than one, the flow of the molding compound 
around the integrated circuit during the molding proc- 
ess will be less restricted than if the ratio is one-to- 
one or larger. Such a ratio Is difficult to quantify, be- 
cause ft may vary widely from embodiment to em- 
bodiment However, a ratio of less than 0.5 is contem- 
plated. A ratio of less than 0.2 is advantageous. The 
supports should not be so small, however, that they 
are unable to perform their support function. 



Claims 

1 . A packaged device comprising: 

a lead frame with a cavity and a plurality 
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of supports projecting from the lead frame into 
the cavity wherein each individual support is non- 
continuous with the other supports within the 
cavity and wherein each individual support is not 
. attached to the lead frame at more than two 
points on the perimeter of the lead frame cavity; 
a device affixed to the support tabs; and 
a molding compound substantially sur- 
rounding the integrated circuit 

The packaged device of claim 1 wherein the lead 
frame forms a perimeter around the cavity and 
the supports are not connected within the peri- 
meter formed by the lead frame. 

The packaged device of claim 1 wherein the de- 
vice is an Integrated circuit 

The packaged device of claim 1 wherein the 
thickness of the supports is eighty percent or less 
of the thickness of the lead frame at least a por- 
tion of the device is in a plane defined by the lead 
frame. 

A packaged device comprising a lead frame with 
a cavity and a plurality of device supports project- 
ing into the cavity wherein the individual supports 
are non-continuous with each other in the cavity; 
a device affixed to the plurality of supports and 
a molding compound substantially surrounding 
the device, wherein the surface area of the sup- 
ports is less than the area of surface of the device 
to which the tabs are affixed and wherein at least 
a portion of the device is in a plane defined by the 
lead frame. 

A process for packaging a device comprising: 

reducing the thickness of a plurality of sup- 
ports attached to a lead frame to less than the 
thickness of the lead frame wherein the supports 
project Into a cavity of the lead frame; aff ixlng a 
device to the plurality of supports; and 

encapsulating the device with a molding 
compound. 

The process of claim 6 wherein the thickness of 
the supports Is reduced by forging. 

The process of claim 7 wherein the thickness of 
the supports is reduced to about 80 percent or 
less of the thickness of the lead frame. 

The process of claim 7 wherein the thickness of 
the supports is reduced to about 20 percent of the 
thickness of the lead frame. 



10. A lead frame comprising: 

a conductive metal material configured to 
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contain a frame with a plurality of leads; 
a cavity defined by the frame; and 
. a plurality of device supports extending 
from the frame into the cavity defined by the 
frame wherein each individual device support is s 
non-continuous with the other supports in the 
cavity. 

11- The lead frame of claim 10 wherein the support 

thickness is about 80 percent or less of the lead 1 o 
frame thickness. 

12. The lead frame of claim 10 wherein the support 
thickness is about 20 percent or less of the lead 
frame thickness. i5 



20 



25 



30 



35 



40 



46 



SO 



66 



PAGE 71/75 * RCVD AT 11/29/2009 4:56:00 PM (Eastern Standard Time] * 8VR:U8PT0-EFXRF-6/24 * DNI8:2738300 • CSID:5032744622 * DURATION <mm-ss):38-36 



11/29/05 14:33 FAX 5032744622 MARGER JOHNSON Eg] 072 



EP 0 677 B73 A1 



FIG. 1 

10 




PACE 72/75 * RCVD AT 11/20/2005 4:50:00 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/24 " DNIS:2738300 * CSIO: 5032744822 ■ DURATION <mnvss):38-36 



11/29/05 14:33 FAX 5032744622 MARGE R JOHNSON @073 



EP0 677 873 A1 



FIG. 2 




120 too 110 125 
FIG. 3 




8 



PACE 73/75 • RCVD AT 11/29/2005 4:50:00 PM [Eastern Standard Time] * SVR:USPTO-EPXRF-0/24 * DNIS:2738300 * CSIO:5032744622 ■ DURATION <mm-ss):38-36 



11/29/05 14:34 FAX 5032744622 MARGER JOHNSON ©074 



EP 0 677 873 A1 



FIG. 5 




175 100 110 125 



FIG. 6 




180 100 no 125 



9 



PAGE 7479 ' RCVD AT 1 1/29/2005 4:36:00 PM [Eastern Standard Time] ' 8VP.:U8PTO-EFXRF4/24 * ONI8:2738300 * CSID:3O32744022 * DURATION (mm-ss):38-38 



11/29/05 14:34 FAX 5032744622 



MARGER JOHNSON 



@J075 



EP 0 677 873 A1 



European Potent 
Office 



EUROPEAN SEARCH REPORT 



Application K**Am 

EP 95 30 2238 



DOCUMENTS CONSIDERED TO BE RELEVANT 



ChitioQ of 



PATENT ABSTRACTS OF JAPAN 

vol, 017 no. 613 (E-145B) ,11 November 

1993' 

& JP-A-05 190750 (TOSHIBA CORP) 30 July 
1993, 

* abstract * 

US-A-5 021 865 (TAKAHASHI Y0SHIHARU ET 
AL) 4 June 1991 

* the whole document * 

EP-A-0 534 678 (ANERICAN TELEPHONE & 
TELEGRAPH) 31 March 1993 

* the whole document * 



PATENT ABSTRACTS OF JAPAN 
vol. 014 no. 166 (E-0911) ,30 March 1990 
& JP-A-02 022851 (HITACHI CABLE LTD) 25 
January 1990, 

* abstract * 

PATENT ABSTRACTS OF JAPAN 

vol- 015 no. 453 (E-1134) .18 November 

1991 

& JP-A-03 192736 (HITACHI LTD) 22 August 
1991, 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 013 no. 126 (E-734) ,28 March 1989 
& JP-A-63 293963 (HITACHI LTD; OTHERS: 01) 
30 November 1968, 

* abstract * 



The pre 



: search report I 



i Anwn up for ell claims 



1-3, 5, 1C 



1-3,5, K 

6,7 

6,7 

*,8,9, 
11,12 

4,8,9, 
11,12 



1-3,5, It 



1-3 



CLASSIFICATION OF THE 
Aim CAT! ON (fat-CLft 



H01L23/495 



TECHNICAL MELDS 

OnLCLC) 



H01L 



THE HAGUE 



23 June 1995 



Zeisler, P 



CATCGOKV OF CITED DOCUMENTS 



X : partta* erty rdwut If tikca ikma 
Y i parttmlwly relevnal If coroto* wit 



t of tho cum category 

Art ^ ' ' 

O :l 

P : totcrtaeii&t* i 



; another 



T : theory or prfcuipt* POitfWng Ike taction 
E r earlier petea* 4 m o m o t t Wt poWlihea em, or 

after the fUloa eata 
D : ioaKee a t dree* Id tfaiapeltestioB 
L : eoceoieBt dtei for other reuses 

A : eiejftfcer of the seiee p*t*x* famhy, eow e aaop e'lng 



10 



PACE 75/75 * RCVD AT 11/29/2005 4:56:00 PM [Eastern Standard Time] * SVR:U8PTO-EFXRF-6/24 * DNI8:2738300 * C8ID:5032744622 • DURATION (mm-ss):3S-38 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ black borders 

□ image cut off at top, bottom or sides 

□ faded text or drawing 
□Blurred or illegible text or drawing 

□ skewed/slanted images 

□ color or black and white photographs 

□ gray scale documents 

□Klines or marks on original document 

□ reference(s) or exhibit(s) submitted are poor quality 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



